Abstract. The aim of the present study was to examine the effect of exogenous IL-10 transfected rat dendritic cells (DCs) in corneal allografts. Rat lymphocyte separation medium and a cytokine induction method was used to extract and culture precursor cells of rat bone marrow-derived dendritic cells. A corneal transplant model was established, with Sprague-Dawley (SD) rats as the recipients and Wistar rats as the donors. Flow cytometry (FCM) was used to detect the expression of CD83, which indicates a mature dendritic cell, and a specific cell surface stimulatory molecule CD86.
Introduction
Corneal transplantation is an effective treatment for corneal blindness (1, 2) . However, rejection following transplantation is a major cause of its failure (3) (4) (5) (6) . Corneal transplant rejection is caused by T lymphocyte-mediated delayed-type hypersensitivity (DTH). CD4 + T cells are important in DTH (7) (8) (9) . Following activation, CD4 + T cells differentiate into subgroups of Th1 and Th2. Th1 secretes interleukin (IL)-2, interferon (IFN)-γ and other cytokines to mediate DTH. Th2 secretes IL-10 and IL-4 to mediate immune tolerance. Under normal circumstances, Th1/Th2 remains at a relatively stable level to maintain normal humoral and cellular immune function (10) . TGF-β is a cytokine which exists in the cornea, aqueous humor and all tissues and organs in the form of a polypeptide. It is a negative regulator of the immune and inflammatory response to suppress the activation of T cells (11) . TGF-β is also involved in anterior chamber-associated immune deviation (ACAID) to delay DC maturation and induce allograft immune tolerance (12) (13) (14) (15) .
Dendritic cells (DCs) are the most proficient antigen presenting cells (APCs), which have been identified thus far. Immature dendritic cells (imDC) are important for the induction of immune tolerance (16, 17) . IL-10 is a cytokine synthesis inhibitory factor (18) , acting on APCs to reduce the expression of MHC class I molecules, co-stimulatory molecules and adhesion molecules.
In the present study, an adenovirus carrying the IL-10 gene was used to transfect imDC in order to study alterations in biological characteristics following transfection. A rat cornea transplantation animal model was used to investigate the IL-10 gene-modified, DC-induced corneal transplantation immunotolerance, in order to provide evidence for the prevention and treatment of corneal graft rejection. Culture and transfection of rat bone marrow-derived dendritic cells. DCs were divided into three groups, including the DC group, the GFP-12-DC group and the IL-10-GFP-12-DC group. The DC group was cultured in the original condition for 12 days. The GFP-12-DC group was transfected with the GFP-adenovirus with a titer of 10 7 PUF/ml. The IL-10-GFP-12-DC group was transfected with the IL-10-GFP-adenovirus with a titer of 10 7 PUF/ml. The transfection was performed after cells were cultured in the original condition for 6 days, followed by a 6-day culture.
Materials and methods

Animals
Western blotting. Following the measurement of protein concentration, the protein was separated by SDS-PAGE electrophoresis. Gene Tools software was used to systematically analyze the gray value of the target strip. Rabbit anti-rat IL-10 monoclonal antibody (Sangon; Shanghai, China) and goat anti-rabbit monoclonal antibody (Sangon) were used.
Flow cytometry (FCM)
. IL-10-GFP-12-DC, GFP-12-DC and 12-DC were collected, respectively, to adjust the cell concentration to 1x10 7 /ml. In order to detect the surface antigen CD83, 25 µl of CD83 antibody and 12.5 µl of IgG 2A -PEs were added in each group. Following mixing, the solution was incubated at 4˚C for 30 min. The negative control group with the antibody only was incubated and washed with PBS and then fixed with 1% paraformaldehyde. In order to detect the surface antigen CD86, 5 µl of FITC-anti-CD86 was added to the experiment groups. The solution was incubated at 4˚C for 30 min. The negative control group of the antibody only was incubated and washed with PBS, then fixed with 1% paraformaldehyde. FCM was applied for cell phenotype analysis.
MTT. Following incubation, 10 µl of MTT was added in each well and the solution was incubated for a further 4 h. Formazan lysate (100 µl) was added to each well and incubated until the formazan completely dissolved under the optical microscope. The absorbance optical density (OD) value was measured at 570 nm by a microplate reader. The result value was obtained from the mean value of three holes.
Corneal transplantation experiments.
In accordance with previous studies (19) , the corneal transplant model, with SD rats as the recipients and Wistar rats as the donors, was established. The diameter of the graft was 3.5 mm and the graft beds were 3.0 mm. The recipient SD rats were randomly divided into four groups and intravenously injected with PBS (1 ml), DC (2x10 6 /ml), GFP-DC (2x10 6 /ml) or IL-10-GFP-DC (2x10 6 /ml), respectively, 3 days prior to surgery. Corneal transplantation was performed 3 days later. The transfection was performed after cells were cultured in the original condition for 6 days, followed by a 48 h culture. In the control group, the DC cells were cultured in the original condition for 6 days, followed by a 48 h culture.
Histological and pathological examination. On the 14th day after surgery, four rats in each group were randomly selected and normal SD rats were used as the negative control. The rats were sacrificed by excessive anesthesia and full enucleation was performed. The sample was fixed with 10% formalin and normally embedded by paraffin. The sample was sliced to 5 µm for H&E staining.
RT-PCR.
Total RNA was extracted and RNA purity was determined by A260/A280 ratio. The cDNA was synthesized by a reverse transcription reaction with a reaction system of 10 µl, according to the manufacturer's instructions of the RT-PCR kit (Takara Bio, Inc., Shiga, Japan). The primers for the PCR reaction were synthesized by Takara Biotechnology Co., Ltd. (Dalian, Liaoning, China) and the primer sequences are shown in Table I . PCR was completed following denaturation, annealing, extension and a total of 36 cycles. For electrophoresis and imaging of PCR, 10 µl of the PCR reaction product was analyzed by electrophoresis.
Statistical analysis. Statistical analysis software SPSS 17.0 was used for data processing. All data are expressed as the mean ± standard deviation and analyzed by one-way ANOVA. P<0.05 was considered to indicate a statistically significant difference.
Results
Expression of the IL-10 protein.
In order to determine the expression of IL-10, fluorescence detection and western blot analysis were performed. A weak GFP expression was observed by fluorescence detection and by using western blot analysis, a characteristic strip was shown and its size was consistent with the IL-10 fusion protein (48 kDa). The molecular weight of rat β-actin is 42 kDa. The expression level was evaluated as the gray value ratio of gel electrophoresis with the target gene and the internal control gene β-actin, as shown in Fig. 1A and Table II . These results suggest that IL-10 was expressed in DCs via the adenoviral vector.
Determination of the DC phenotype. To determine the effects of IL-10 transfection on DCs, the expression of the cell surface molecules CD83 and CD86 were detected by FCM.
The expression of the surface molecules, CD83 and CD86, in the IL-10-GFP-12-DC group was ~17 and 20%, respectively. The expression level was low, compared with the GFP-12-DC group (44 and 42%) and the 12-DC group (45 and 48%), as shown in Fig. 2 . These results suggest that IL-10 transfection inhibits the maturation of DCs.
MTT cell proliferation assay. In order to determine the effects of DCs on the proliferation of allogeneic T lymphocytes, MTT cell proliferation assays were performed. By MTT assay, the DC stimulated allogeneic lymphocyte proliferation of different concentrations in each group was determined. The OD value of mixed cells and T cells in each group and RPMI-1640 in the control group was measured by a microplate reader. The OD value was calculated using the following formula: OD value = OD value of mixed cells -OD value of RPMI-1640 in the control group -OD value of T cells. The results were repeated three times in each group independently, as shown in Table III . These results suggest that IL-10 gene transfection inhibits the ability of DCs to stimulate the proliferation of allogeneic T lymphocytes.
Histological examination of the corneal graft. To determine pathological changes in the corneal graft, tissue biopsy H&E staining was performed. In the PBS group, 14 days after surgery, there was edema in the corneal grafts, with visible inflammatory cell infiltration, neovascularization and disorganized layers of tissue. In the GFP-DC group and the DC group, there was mild edema, with visible inflammatory cell infiltration, a small amount of neovascularization and a neat layered structure. In the IL-10-GFP-DC group, there was mild edema of grafts, with few inflammatory cell infiltration and neovascularization and the layers were organized in a neat structure, as shown in Fig. 3 . The survival time of corneal grafts are shown in Table IV . These results suggest that the expression of IL-10-GFP-DC reduces the inflammatory response of the corneal graft and significantly prolongs the corneal graft survival time.
RT-PCR of cytokines IL-2, IL-10 and transforming growth factor (TGF)-β1.
To understand the immunomodulatory mechanisms of the DCs transfected with the IL-10 gene, RT-PCR was performed to detect the expression of IL-2, IL-10 and TGF-β1 in the surgical cornea. In total, six rats were randomly selected for sample collection 14 days after surgery. The cornea of normal SD rats was the negative control. The 500 bp was a reference standard for the levels of target gene expression to measure the gray value of the target gene and β-actin in each group. The results are expressed as the ratio of the target gene value and β-actin value. The determination of IL-2, IL-10 and TGF-β1 gene expression by RT-PCR was independently repeated three times. The results of the target gene electrophoresis are shown in Fig. 1B . The gray value ratio is shown in Table V . These results suggest that the IL-2 level was decreased while the levels of IL-10 and TGF-β1 were increased in the IL-10-GFP-DC group, when compared with the other groups.
Discussion
ImDCs are one of the tools used to induce transplantation tolerance (20) . The investigation of transplantation immune tolerance with the use of DCs has become a major focus of study with the aim of maintaining DCs in an immature state and weakening their antigen-presenting function. It has been reported that using 1α, 25-dihydroxyvitamin D 3 [1, 25(OH) 2 D 3 ], receptor immune tolerance may be induced in cytokine-induced DCs or genetically modified DCs in vitro (21) (22) (23) (24) (25) (26) . It has been widely demonstrated that inducing or modifying DCs in the early culture, may alter their biological characteristics (20) (21) (22) .
In the present study, the solution of IL-10 gene transfected DCs was injected through the tail vein into recipient rats. 
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After 3 days, a corneal transplant was performed and it was demonstrated that in the IL-10-GFP-DC group, the survival time of the corneal graft was significantly prolonged. This may result from the growing maturity of DCs in the body with time. While in DCs with the IL-10 gene, the sustained expression of IL-10 inhibited DC maturation and, therefore, the survival time of the corneal graft was significantly prolonged.
To further investigate the immune tolerance mechanism of the IL-10 gene modified rat DC induced corneal transplantation, RT-PCR was used to detect IL-2, IL-10 and TGF-β1 expression in the cornea of the negative control group and each group 14 days after surgery. It was demonstrated that in the IL-10-GFP-DC group, IL-10 expression was increased (Th2 cytokines) and IL-2 expression was decreased (Th1 cytokines), resulting in Th1/Th2 imbalance. While in the IL-10-GFP-DC group, TGF-β expression was significantly higher than that in the other groups. It is hypothesized that IL-10-GFP-DC induced the secretion and activation of TGF-β, TGF-β inhibited T-cell activation and proliferation, and TGF-β and IL-10 In the negative control group (magnification, x200; H&E), corneal layers were in a neat structure without edema, inflammatory cell infiltration and neovascularization. (B) PBS group (magnification, x200; H&E), there was visible corneal edema with inflammatory cell infiltration, neovascularization and disorganized layers of tissue. (C) GFP-DC group (magnification, x200; H&E) corneal layers were in a neat structure with stromal edema and there was a small amount of inflammatory cell infiltration and a small amount of neovascularization. (D) DC group (magnification, x200; H&E), corneal layers were in a neat structure with visible stromal edema and there was a small amount of inflammatory cell infiltration and neovascularization. (E) IL-10-GFP-DC group (magnification, x200; H&E), corneal layers were in a neat structure with mild edema and a small amount of inflammatory cell infiltration. DC, dendritic cell; GFP, green fluorescent protein; IL-10, interleukin-10. Corneal transplant rejection is the main reason for graft failure. The induction of immune tolerance is an important issue for corneal transplant success. In the present study, IL-10 gene-modified DCs significantly prolonged the survival time of corneal transplantation grafts, indicating IL-10 gene-modified DCs induced immune tolerance and may be an effective method to establish allograft immune tolerance. Due to the limited survival time of allogeneic DCs in the donor, newborn DCs quickly mature through antigen stimulation, resulting in a limited survival time of corneal grafts in the experimental group. This indicates that the IL-10 gene modified DCs are limited in their ability to induce corneal transplantation immune tolerance and that transplant rejection is a complex multi-channel immune response. Therefore, immune tolerance may be induced by multi-channel and co-regulation, in order to establish a lasting and effective immune resistance.
